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Abstract 
A system employing artificial intelligent (AI) is currently popular to be developed to help people solving their problems, 
especially for problems that need skill of reasoning. Furthermore, knowledge growing system (KGS) is a new approach in AI 
environment which the system has a growing knowledge that can be learnt from the past. In this paper, a KGS-based system is 
applied to control electric source utilization in Nemberala Hybrid Power Plant. Electric source that will be used is controlled by 
inference information input from sensors which are processed in KGS. The result is Degree of Certainty (DoC) of probability 
electric source used, such as renewable energy, fossil energy, and Hybrid energy. From DoC, the source that should be used can 
be decided properly by the system. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and peer-review under responsibility of the Faculty of Information Science & Technology, Universiti Kebangsaan 
Malaysia. 
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1. Introduction 
Nowadays, reduction of energy consumption is become a hot issue, especially for non-renewable energy 
resources.Non-renewable energy, like fossil energy, diesel, gas, etc. is considered as the easiest energy to be used. 
However, some renewable energy has been developed as alternative solution. 
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Hybrid Power Plant in Nemberala village, located in Rote Island, is initiated using renewable energy and non-
renewable energy alternately for generating electricity in Nemberala village. The periodicity of daily usage needs to 
be evaluated to make improvement in electrical system every day. Therefore, knowledge growing system (KGS) 
which is the novel perspective of Artificial intelligence (AI), can be the solution to optimize the utilization of Hybrid 
Power Plant system. KGS-basedelectrical system is proposed to be the best method in scheduling which energy 
resources should be used at a time. It employs specified agents (power sensors) to perceive information about 
environment condition and then fuse them into integrated information for input data in power generator. KGS 
method is expected to make more effective and efficient electrical system which nor overpower neither blackout will 
happen in the future. 
1.1. Nemberala Hybrid Power Plant 
Nemberala Hybrid Power Plant, installed since 2008, gave new style in Indonesia’s electricity, especially in 
Nemberala village, Rote Ndao regency, Rote Island, NTT province. Previously, Nemberala village used Diesel 
Power Plant. Since establishment of Nemberala Hybrid Power Plant, it could save fossil energy cost until 2.2 billion 
rupiah at the end of 2008. Because of enormous industry’s absence in Nemberala, usage of electricity is only for 
daily electrical needs and infrastructure. 
Input information used for control system of Nemberala Hybrid Power Plant Energy Management are Solar 
Energy from Photovoltaic, Wind Energy from Wind Turbine, Fossil Energy (Diesel) from Generator Set, Load 
Supply, Battery Energy Capacity, Information from data logger recording at the previous time, and Lunar calendar 
(if needed). 
From those information sources, agents are employed. Every agent will make conclusion as the last conclusion. 
From last conclusion gotten over time, it can be determined: when renewable energy (RE) is used, when fossil 
energy (FE) is used, and when hybrid energy (HE) is used (second/minute/hour/day/month). 
2. Knowledge Growing System Theory 
2.1. Knowledge Growing System 
Knowledge Growing System (KGS) is a novel perspective in Artificial Intelligence (AI) which can obtain new 
knowledge from environment. The development of this system based on human brain which obtains new knowledge 
from information by sensory organs.KGS is a system that is able to grow knowledge together with information 
inference that is accepted over time. KGS is proposed to duplicate knowledge mechanism developed inside human 
brain. Something that grows from human’s knowledge about phenomenon is a conclusion from various information 
over time. This new knowledge is called comprehensive information with Degree of Certainty (DoC). The 
mechanism of knowledge growing in KGS is performed by using a novel information-inferencing fusion method 
called Observation Multi-time Arwin-Adang-Aciek-Sembiring (OMA3S) [1]. Formula of OMA3S is as follow. 
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iP <  is New-Knowledge Probability Distribution (NKPD),  jiP - is knowledge regarding i in 
the existence of indication j. 
i = 1,…,n is the number of hypothesis of the knowledge. 
j = 1,…,m is the number of indication.  
 estimateP\ is the highest value of NKPD that is assigned as the information with the highest DoC that will be 
used as the basis for making estimation. 
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2.2. Multiagent Collaborative Computation 
Agent is something that has capability to finish a task, including managing when tasks will be carried out, how to 
do that task, where to move, etc. Consequently, an agent must have a brain to collect the information, process data, 
etc. to finish the tasks. The agent always senses its environment to obtain as much as information. Then the 
information is processed in its brain, combining it with the existing information, inference on the fused information. 
Collaboration means that working with others on a project or a process where each particular shares information, 
resources and responsibilities to plan, implement, and evaluate a program of activities to achieve a goal. 
Furthermore, computation is defined as a calculation involving numbers or quantities. Collaborative computation is 
a calculation on quantities done by a number of agents that work together to accomplish a mission. 
3. Proposed KGS Application to Nemberala Hybrid Power Plant Control System 
3.1. Nemberala Hybrid Power Plant System 
Nemberala Hybrid Power Plant System is described at Fig.1. 
 
(a) 
 
(b) 
 
 
Fig. 1. (a)  Nemberala Hybrid Power Plant System Architecture [2]; (b) Nemberala Hybrid Power Plant Control System Architecture [3] 
 
For applying KGS, the first thing to do is modelling KGS mechanism into Human Interference System (HIS) [4]. 
HIS is system action or process that is originated from human logic conclusion from something that is considered or 
known to be true. After modelling into HIS, it is formed to a cycle of knowledge growing mechanism called Sense-
Inference and Decision Formulation-Decide and Act (SIDA) [5], see Fig.2. 
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Fig.2.  Proposed architecture KGS based Nemberala Hybrid Power Plant Control System Architecture 
 
3.2. Initial condition of Nemberala Hybrid Power Plant 
Before implementing KGS system, first of all, characteristic of Nemberala Hybrid Power Plant system 
performance should be investigated and understood. 
 
1. Average insulation profile information and daily wind speed in Nemberala 2008 [6], see Fig.3.(a). 
2. Average daily need information curve in Nemberala 2008 [7], see Fig.3.(b). 
 
(a) 
 
(b) 
 
 
Fig.3. (a) Daily insulation and wind speed profile Nemberala 2008; (b)Daily need power curve in Nemberala 2008 
 
3. Average daily energy management information 2008 [8], see Table 1. 
Table 1. Average daily energy management information. 
No. Source/Energy Needs Power Energy/day 
1. 
 
2. 
Photovoltaic module @ 100 Wp x 360 unit 
Equivalent solar energy = 5 hours/day 
Wind turbine @ 10 kW x 4 unit 
Average wind speed = 4-4.5 m/sec 
36 
 
40 
kWp 
 
kW 
162 
 
88.5 
kWh 
 
kWh 
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3. 
4. 
5. 
Renewable energy total 
Average daily energy needs 
Peak load estimation, between 07.00 PM – 11.00 PM 
 
22.8 
63 
 
kW 
kW 
250.5 
548 
kWh 
kWh 
6. 
7. 
8. 
Energy lack supplied by genset 
Capacity of available genset 
Operation of 70% capacity genset 
 
135 
4 
 
kVA 
hours 
297.5 
 
302.4 
kWh 
 
kWh 
 
4. Daily performance of Nemberala Hybrid Power Plant information nowadays [9], see Fig. 4. 
 
Fig. 4. Curve of Hybrid power plant source 
 
5. Hybrid Power Plant Specification 
a. Generator Set Capacity 135 kVA and maximum load 70% (max 94,5 kVA) 
b. Hybrid Power Controller Capacity 90 kVA with efficiency 95% (Pin = 95 kW) 
c. Photovoltaic 36 kWp with average efficiency 18,75% (6750 W) 
d. Wind turbine 40 kW with average efficiency 9,2% (3687,5 W) 
e. Battery 240 V, 1500 Ah, DoD 80% (288 kWh max) 
f. Generator set charges battery if DoD ≤ 50% and stops it if SoC = 100% 
g. Battery is equalized by generator set for 2 hours every week 
h. Generator set should be on 15 minutes before used for FE and HE 
i. Data logger records sensor every 10 minutes from 00:02 WITA 
 
The goal is to change basic curve of generator in order to be more optimal with implementing KGS to Nemberala 
Hybrid Power Plant System with processing except information above and socio-anthropology (for anticipating 
exceptional load curve). 
 
3.3. Fused Information Agent 
First of all, based on SIDA figure we make fused information agent. DC sensor is fused for getting P input. SoC 
and DoD information are obtained from battery’s voltage, current, and capacity Ah for obtaining E storage. Sensor 
AC is fused to get P output.  Number of sensors is simplified as 5 items, such as Generator Set (Genset), Load, 
Battery, Solar or Photovoltaic, and Wind Turbine. 
 
Thus, number of fused information or hypothesis obtained is 
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1)2(  GO G         (4) 
 
From equation (4), if 5 G , we have the result of 26 fused information. 
Second, with using Bayesian Inference Method (BIM) and Maximum A Posteriori (MAP), probability action value 
for each fused information or hypothesis is obtained through calculation with this formula:  
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Which: 
P(Bj) is prior probability or given initial probability. Which j used for Nemberala Hybrid Power Plant system used is 
3: 
J = 1 Æ Renewable Energy Only (RE). 
J = 2 Æ Fossil Energy Only or Generator set Only (FE). 
J = 3 Æ Hybrid Energy or Renewable + Fossil (HE). 
 
In this case, each initial probability taken based on updated Basic Curve of Generator for 24 hours which P(B1)=0.5 
because renewable works for 12 hours, P(B2)=0,33 because genset works 8 hours, and P(B3)=0.167 because hybrid 
system works for 4 hours a day. 
P(Bj|Ai) is last probability of hypothesis Bj that given by fused information Ai . 
P(Ai|Bj) is indication probability of fused information A that given by hypothesis Bj. 
Ai is fused information or in this case i = 1 until 26 (A1 until A26). 
 
Third, because of using multiple fused information, formula of BIM + MAP is updated with A3S formula: 
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Which i=1,…,26 and k=1,…, 3 
 
Fourth, New Knowledge Probability Distribution (NKPD) value is determined with find value of highest probability 
(between B1, B2, B3). It is calculated by dividing value above with number of used sensor (n=10) 
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It is still the first probability value. 
 
Fifth, determine period of observation. Because system works daily and data logger records every 10 minutes, thus 
we make observation time = 24 hours x 60 minutes / 10 minutes or Γ = 144, i.e. γ1until γ144. If within 24 hours data 
logger samples data from sensor 144 times, the result of NKPD should be modified to: 
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It is NKPD value within time or NKPDT which γ is 1-th until 144-th observation and λ = 26. Probability value 
P(φγj) is made crisp logic (0 or 1). 
 
Sixth, obtained NKPDT value is applied to OMA3S formulation for obtaining new probability value:  
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Seventh, from OMA3S result, each Degree of Certainty then calculated to later be compared in order to make the 
system be able to decide which energy want to be used. Comparison is made with this calculation: 
     %1001 xPPDoC jestimate IT        (10) 
 
Now, system is able to decide the choices [RE or P(θ1), FE or P(θ2), HE or P(θ3)] every 10 minutes within 24 
hours. Value of three probabilities {P(θ1), P(θ2), andP(θ3)} is saved into data logger then update P(B1), P(B2), to 
P(B3) satisfy electricity need in the same date of the next year. 
4. Calculation and Result 
Sampling of real data from chosen Nemberala Hybrid Power Plant data logger is data on March 21st 2008. The 
graph is shown at Fig. 5. The probability of energy utilization from Fig. 5 can be seen at Table 2. 
 
 
 
Fig. 5. Graph of the hybrid power plant 
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Table 2. Probability of energy utilization. 
 00.00-12.00 12.00-19.00 19.00-22.00 22.00-00.00 
P(Renewable Energy) = P(RE) = P(B1) 0.5 0.167 0.167 0.333 
P(Fossil Energy) = P(FE) = P(B2) 0.333 0.5 0.333 0.5 
P(Hybrid Energy) = P(HE) = P(B3) 0.167 0.333 0.5 0.167 
 
From information above and calculation that is done  referring to steps in subsection 3.3, the graph of  NKPD and 
NKPDT can be seen at Fig. 6 and Fig. 7. 
 
 
 
Fig. 6. Graph of NKPD 
 
 
 
 
Fig. 7. Graph of NKPDT 
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Then, the result of DoC is described as follow. 
 
Degree of Certainty of renewable energy utilization P(RE) is: 
DoC = |0,667 – 1| x 100% = 33,33% 
 
Degree of Certainty of fossil energy utilization P(FE) is: 
DoC = |0,375 – 1| x 100% = 62,50% 
 
Degree of Certainty of  hybrid energy utilization P(HE) is: 
DoC = |0,542 – 1| x 100% = 45,80% 
 
The highest DoC is fossil energy utilization, 62,5%. This means, system has concluded and decided to use fossil 
energy at 00:02 WITA on March 22nd 2008. System probably would do battery charging after a few previous hours 
had been utilized to supply the load. 
 
5. Conclusion 
From example of implementation above, expert system application based on KGS is a proper solution reference 
for Nemberala Hybrid Power Plant in order to improve effectiveness and efficiency of energy resources usage, 
because the process of electricity demand and supply learning for Nemberala village. 
KGS implementation is used to study generator curve pattern in a year and apply it next year. Moreover, KGS 
implementation’s purpose is to optimize the load curve with maximizing renewable energy resources usage. 
References 
[1] A.D.W. Sumari and A.S. Ahmad, The development of knowledge growing system as a new perspective in artificial intelligence, Proc. of 
Conference on Information Technology and Electrical Engineering 2009:  3:  46-51. 
[2] A.S. Ahmad and A.D.W. Sumari, A novel perspective on artificial intelligence: information-inferencing fusion for knowledge growing, The 
2nd International Conference on Electrical Engineering and Informatics 2009. 
[3] A.D.W. Sumari and A.S. Ahmad, Multiagent collaborative computation paradigm for decision-making support system, Proc. of Int. Industrial 
Informatics Seminar, 2009: 17-22. 
[4] A.S. Ahmad, A.D.W. Sumari and H.Y. Zubir,  Collaborative computation in bioinformatics for better life, Proc. of National Seminar on 
Information Technologi and Its Applications, 2009. 
[5]  The Application of Knowledge-Growing System to Multiagent Collaborative Computation for Inferring the Behavior of 
Genes Interaction; IJCSNS International Journal of Computer Science and Network Security, 2009: 9:11. 
[6]  A.S. Ahmad and A.D.W.Sumari, The Modeling of Genes’ Interactions by means of Multiagent Collaborative Computation, International 
Conference on Instrumentation, Communication, Information Technology,2009. 
[7]  Bhattacharya, S, Pal. R., A novel critical time analysis approach for genetic regulatory networksInternational Workshop on Genomic Signal 
Processing and Statistics, 4-6 Dec 2011. 
[8]  A. S. Ahmad and A. D.W. Sumari,Obtaining Knowledge of Genes’ Behavior in Genetic Regulatory System by Utilizing Multiagent 
Collaborative Computation, Multi-Agent Systems - Modeling, Interactions, Simulations and Case Studies, Dr. Faisal Alkhateeb (Ed.), ISBN: 
978-953-307-176-3, InTech, DOI: 10.5772/15646, 2011. 
[9] Wiandini Fauziah, Internship Reports: Generator system, installation, operation, and solar, wind, and diesel hybrid power plant preservation 
PT. LEN Industry, Electrical Engineering, Unikom, 2009. 
